ABSTRACT
INTRODUCTION
The power transmission lines protection has been one of the most researched electrical engineering fields of all times due to the importance of this element in the Electrical Power System. The transmission lines are responsible for the drainage of the electric power, linking the power generations to the consuming centers. The great and constantly growing concern with this theme has been stimulating the power transmission utilities to use Real Time Digital Simulation (Real Time Digital Simulator -RTDS™) to obtain better performances of the protections systems that will be installed in their transmission lines [1] . ISA CTEEP (Companhia de Transmisão de Energia Elétrica Paulista) is the power transmission utility of São Paulo State, located at southeast region of Brazil. It has a transformation capacity of 38,500 MVA, distributed in 11,780 km of transmission lines, being responsible for 30% of total power transmission in Brazil [2] . The need for energy reliability and quality in power transmission resulted in the choice of multifunction numeric protective relays for transmission lines that could assure the equipments and transmission lines security with the continuity and stability warranty for CTEEP's power transmission system. Simulations and tests were requested to analyze the numeric distance relays and differential relays behaviors that were installed in the Anhanguera 345/230/145 kV GIS Substation and interconnected substations. The digital simulations presented in this paper were accomplished to the 345 kV short transmission lines between Guarulhos 345 kV Substation -Anhanguera 345 kV Substation (21.5 km length), Anhanguera 345 kV Substation -Milton Fornasaro 345 kV Substation (4.5 km length) and 230 kV short transmission lines between Centro 230 kV SubstationAnhanguera 230 kV Substation (6.1 km length), Anhanguera 230 kV Substation -Edgard de Souza 230 kV Substation (15.5 km length). The simulations results will be presented together, making possible a performance evaluation of all differential protection (87 L -main protection) and distance protection (21/21N -alternate protection) applied to the short transmission lines. ISA CTEEP was responsible for the short transmission lines data supply necessary for the modeling on the Real Time Digital Simulator (RTDS™), making possible the accomplishment of simulations and tests with great fidelity to the existent power transmission system where the numeric protective relays were installed.
REAL TIME DIGITAL SIMULATOR (RTDS™)
The Real Time Digital Simulator (RTDS™) is a digital TNA, flexible, accurate and with great Electrical Power System and components representation capacity [1] . Figure  1 presents an example of a RTDS™`s rack (the simulation system uses more than one rack, depending on the system size that is being simulated in each case). Figure 2 ) contains all the faults and alarms registers, also the numeric relays commands and reactions through the process of sending and receiving signals to the system. Besides current and voltage analogical signs were registered together with the numeric protective relays binary inputs and outputs, supplying the fault detection and tripping commands times. 
Figure1 -Example of a

SHORT TRANSMISSION LINES PROTECTION PERFORMANCE ANALYSIS
The protection systems to be installed in the Brazilian Electrical Power System should follow the Minimum Requirements of Protection, Supervision/Control and Telecommunications Systems defined by the National Operator of the Electrical System -ONS [3] . Besides, ISA CTEEP elaborated a rigorous technical specification. Aiming to reach all the power system protection requirements, SIEMENS presented the distance (21/21N) protection 7SA61 ( Figure 3 ) and differential (87L) protection 7SD52 ( Figure 4 ). The main purpose of the performance analysis of a numeric protection is to validate the relay that will be used in the transmission lines protection project, also proving the effectiveness of the schemes and protection settings. The 7SA61 [4] and 7SD52 [5] numeric protective relays settings and the protection schemes were defined together with SIEMENS and ISA CTEEP. The results of the performance analysis were accomplished with oscillographic fault recording, the sequence of the events and the defects elimination times. All the situations here presented were chosen for the tests and simulations in all the 4 (four) short transmission lines. A total of 200 simulations were realized, all present in a specific simulations report [6] . Some of the most important results will be presented, with Transmission Lines (TL) Position (%, from the strong source to the weak source) and Busbar faults, validating all the remaining work realized. The faults (short-circuits) were simulated using resistor values that could be changed from a very high to a low value. Since zero fault resistance is not possible due to numeric reasons, the value of 0,04Ω was used [1, 6] . The internal and external fault types and nomenclature were: Single Pole The simulations results were all satisfactory. For 2 (two) simulations on the very short transmission lines (ANH-MFO 345 kV -4.5 km and CTT-ANH 230 kV -6.1 km) the +5% limit resulted from relay operation in Z1 with a certain delay (when it could have operated in Z2), but still within good defect elimination time (below 100 ms).
External Transmission Lines Metallic Faults
The simulations objective was to test the Distance Protection (21/21N) stability through the application of faults on the Left Busbar (63 Hz) and Right Busbar (57 Hz). 
High Resistive Faults
The simulations objective was to test the Differential Protection (87L) regarding the effect of the fault impedance through the application of high resistive faults (10Ω and 30Ω) on the transmission lines ends.
• Conditions: High Resistive Faults (R F = 10Ω and 30Ω);
• To Observe: Differential Protection behaviour and Trip Times by the differential protective relays (87L). 
Internal Evolving Faults
The simulations objective was to test the Differential Protection (87L) regarding the effect of evolving faults occurrence through the application of evolving faults in the middle (50%) of the transmission lines considering a delay time (33 ms or 166 ms) between the faults. The simulations results were all satisfactory. The same simulations were accomplished for all the 04 (four) short transmission lines and significant differences were not found on the protective relays performances.
CONCLUSIONS
The use of the Real Time Digital Simulation (with the utilization of RTDS™) to evaluate the performance of distance protection and differential protection applied to short transmission lines demonstrates itself to be a very powerful tool, making possible the simulation of several situations on the power transmission system. For all the accomplished simulations the tripping times were satisfactory, below the 100 ms limit established by the National Operator of the Electrical System -ONS [3] , already considering the addition of the opening times of the transmission lines circuit breakers. In the simulations results significant differences were not found on the protections performances for the 04 (four) short transmission lines. Real Time Digital Simulation is recommended for performance analysis of numeric protective relays to be installed in transmission lines, providing larger security and reliability to power transmission systems.
